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ABSTRACT

The present paper deals with the fundamental issue of whether one can treat waves as normal modes
when critical surfaces, where the phase speed of the wave matches the zonal wind speed, are present. In
particular the question of whether a Rossby critical level (such as the zero-wind line for stationary
waves) is absorbing or reflecting is raised and subsequently addressed. It is found that the critical level
is never totally absorbing; Rossby waves are partially reflected even if the critical layer is dominated
by dissipative processes. The relevance of nonlinearity in planetary-scale Rossby wave critical layers
is also discussed and it is found to be the dominant mechanism. With the relative magnitudes of
nonlinearity versus viscosity relevant to the earth’s atmosphere it is found that the steady-state critical
level should be almost perfectly reflecting to incident Rossby waves. Consequently, normal-mode
solutions can be found; the quantization condition for these waves is also derived.

1. Introduction

This paper is concerned with a discussion of
Rossby wave critical levels or lines (CL) in general
and the behavior of stationary planetary waves near
the zero-wind line! in particular. During winter,
planetary-scale stationary waves are mostly gen-
erated in the high-latitude westerly wind region, and
propagate equatorward toward the zero-wind line,
which is usually situated in the equatorial region.
While shorter scale waves may be prevented from
reaching the zero-wind line by the so-called ‘‘polar
waveguide’’ formed between the pole and the strong
westerly winds of the jet streams, which tend to
confine these waves to the high-latitude region, it
can be shown that such ducting is more imperfect
for long waves with zonal wavenumberss = 1, 2, 3
and 4. Through reflections and refractions by the
wind shears, the wave rays are bent ultimately to
a path incident normally on the zero-wind line. Here
the linear inviscid wave equation becomes singular.
A domain for wave propagation bounded by such a
singular surface is called a singular waveguide.

What happens near the singular or critical surface
is not yet well understood. A common approach
taken by numerical modelers interested in study-
ing Rossby waves in the Northern Hemisphere is
to introduce enough numerical friction so that ‘“‘no
wave activity”’ appears to the south of the CL,

! A zero-wind line separates, in the meridional plane, a region
of westerly flow (& > 0) from a region of easterly flow (7 < 0);
thus, it is also the location of the CL for the stationary waves.
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thus decoupling the Northern Hemisphere from the
Southern. In support of such an approach is a brief
analytical study in Dickinson (1968), which suggests
total absorption of the waves by the mean flow at
the singular surface. A later study of the initial
value problem, also by Dickinson (1970), reaches the
same conclusion. However, both of these studies
use a wind profile which extends linearly without
bound. We shall show that the conclusion of total
wave absorption is the consequence of the use of
unbounded winds or local analyses. When bounded
winds are used in a global model the absorption
becomes partial. The presence of nonlinearity near
the critical surface can also significantly alter the
final state as indicated by the works of Murakami
(1974) and Beland (1976). With sufficient non-
linearity the critical surface can evolve into a
perfect ‘‘reflector’’,? a state predicted by Benney
and Bergeron (1969). However, no estimate of the
magnitude of nonlinearity versus viscosity in the
real atmosphere has been given in the literature.
As a‘result there has existed considerable uncer-
tainty concerning reflective versus the absorbing
nature of CL. An unresolved question has been: Is
the critical layer in the real atmosphere a viscosity
dominated one, or is it nonlinearity dominated?
A probable answer is provided by the study in this
paper.

* T. Wart, in a private communication, suggested cz;.ution in
using the word ‘“‘reflection’”” when referring to a CL which does
not actually reflect, but by not absorbing, merely permits the
southern boundary to do the reflecting.






